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The crystallineformof N-p-methoxybenzylidine-p-phenylazoaniline(MBPAA) hasa monoclinicunitcell,
spacegroupP2';c, witheightmoleculespercell.Thecellparametersarea =9.77(1),b = 23.65(2),c =
15.64(1)A andfJ = 112.4(3)0.Thecrystalstructurewassolvedbyacombinationofdirectmethods,pack-
ingconsiderationsandtrialcalculations,andhasbeenrefinedbyblock-diagonalleast-squarescalculationsto
R = 0.126 for 1071photographicallymeasuredreflexions.Oneof thecrystallographically independent
moleculesin theasymmetricparthasbeenfoundtohavepartialpositionaldisorderdueto theexistenceof
tworotationalconformersofthatpartof themolecule,occurringwithunequalweights.In thecrystalstruc-
tureneighbouringmoleculesareorientedantiparallelto eachotherandthemoleculararrangementcorre-
spondstoaherringbone-likepattern.
Introduction compound,N-p-methoxybenzylidene-p-phenylazoani-
line(MBPAA), (I) hasbeendetermined.A preliminary
accountof thisworkwasreportedintheProceedingsof
theInternationalLiquidCrystalsConference,heldat
Bangalore(Vijayan& Vani,1975).
A detailedknowledgeof the structuralfeaturesof
mesogenicsubstancesin theircrystallinephaseis of
considerablevalueinunderstandingtheirstructureand
propertiesin themesophase.Wehave,therefore,under-
takena programmeof single-crystalX-ray studieson
mesogenicsubstances.As partof thisprogramme,the
crystal and molecularstructureof a nematogenic
Table1. Crystaldata
0-N=N---O-N=CH--O--°CH3
(I)
CZOHI70NJ.Mr=315.38
a=9.77(I)A
b= 23-65(2)
c = 15.64(I)
p= 112.4(3)0
SpacegroupP2/c
2=8
Dc= 1.25gcm-J
D m (flotation)= 1.26
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Orange-colouredneedlesof MBP AA wereobtainedby
slow evaporationfrom a solutionin toluene.The space
group and unit-cell dimensionsas determinedfrom
oscillationandWeissenbergphotographsarepresented
in Table I alongwith otherrelevantcrystaldata.Three-
dimensionalintensitydata from the reciprocallevels
hkO and Hkl, H = 0 to 5, were recordedon multiple
filmsby theequi-inclinationWeissenbergmethodusing
Ni-fiIteredCu radiation.Eventhoughthe crystalswere
optically clear, the diffraction pattern was of poor
quality. In particular,the data fadedoff rapidly with
increasingBragg angle.Out of a totalof 7717possible
independentrefiexionsin the Cu Ka sphereonly 1071
were in the observablerangewith a maximumBragg
angle of 57.8°. The intensitieswere correctedfor
Lorentz-polarization factors, absorption and spot-
shapeeffects.
Structureanalysis
The chemicalformulaindicatedthemoleculesto be
nearlyplanarandelongatedand,hence,thedistribution
of atomsin theunitcellwasexpectedtobehighlynon-
random.This feature,togetherwith the absenceof
high-angledataledusto trytrial-and-errorandPatter-
sontechniquesof structureanalysisbeforeattempting
to applytheconventionaldirectmethodsto solvethis
equal-atomstructure.
An examinationof thediffractiondatarevealedthat
triple-productrelationshipsexistedamongthe nine
strongestlow-anglerefiexionsin thepattern.A 'mini'
symbolicadditionprocedureinvolvingtheseninereflex-
ionswasthencarriedout,usingtwosymbols.Thefour
possibleFouriermapswithninereflexionswerevery
similarin characterandindicatedthatthetwocrystal-
lographicallyindependentmoleculesin thestructurelay
nearlyin thebeplanewitha separationofa/2between
them.Eventhoughthemolecularorientationsindicated
in thesemapsweredifferent,theywereindependently
compatiblewiththevectordistributionin thethree-
dimensionalPattersonfunction.
SigndeterminationusingMULTAN (Germain,Main
& Woolfson,1971),modifiedfortheIBM 360/44com-
puter,wasnextattempted.Thebestsolutiongaveadis-
tributionofpeakswhichappearedtogivegeometrically
feasiblepositionsto the molecules,but the atomic
positionscouldnot,however,befixed.
E valueswererecalculatedusingmolecularscatter-
ingfactorsfor sphericallyaveragedphenylrings.From
theE mapcorrespondingtothebestsolutionofthenew
MULTAN, theatomicpositionsof oneof thecrystal-
lographicallyindependentmoleculescouldbefixedand
thispartialsolutionagreedwellwithoneof thenine-
refiexionFouriermapsmentionedearlier.Theatomic
positionsin theothermoleculewerenotclearandcould
notbederivedfromthesubsequentdifferenceFourier
mapeither.However,bysuperposingthefeaturesofthe
nine-refiexionFourier map on the E map, two trial
modelswerefixedfor the secondmolecule.One of the
modelsprovedto be correctwith an initialR valueof
0.519, which reducedto 0.146 in successiveblock-
diagonal least-squares refinement. The weighting
schemeusedwas of the form w = l/(a + bFo + eF~)
with a = 0.70,b = -0.05 ande= -0.009.All atoms
were treated with isotropic thermal vibration
parameters.On account of the low value of the
refiexion-to-parameterratio, arising from the extreme
paucity of data, refinementof anisotropic thermal
parameterswas not attempted.The scatteringfactors
usedwerethoseof Cromer& Waber (1965).The SFLS
programwaswrittenoriginallyby Shionoandmodified
for theIBM 360/44computerby Dr B. S. Reddy.
Disorder
In thecourseof theleast-squaresrefinement,heB
valuesof C(25)throughC(48),referredto as mole-
culeB hereinafter,werefoundto begenerallyhigher
than thoseof C(1) throughC(24), referredto as
moleculeA. (Thenumberingof atomsis shownin Fig.
1.)In particular,theB valuesoftheazoN atomsN(31)
andN(32)andtheatomsof thephenylringsoneither
sideof theazobondwereconspicuouslyhigh.TheB
valuesof N(31) andN(32) werethehighest,being
about2-2.5 timestheaverageB valuesfor therestof
thestructure.This featureledus to suspecthepos-
sibilityof disorderin thatregionof moleculeB. A dif-
ferenceFouriermapcomputedafterremovalof the
contributionsof theN atomsand theneighbouring
aromaticC atomsclearlyshowedtwoextrapositions
forN(31)andN(32).For theringatoms,however,even
thoughtwodiscretesetsof peakswerenotobserved,
the diffuseelectrondensitydistributionallowedthe
possibilityof a secondsetof atomicpositions.Thetwo
modelscouldbe describedas rotationalconformers
aboutthelinejoiningtheringatomsC(28)andC(33).
Therelativeheightsof thetwosetsof peaksfortheN
atomssuggestedthat the rotationalconformersoc-
curredwithunequalweights.Hence,thepositionaloc-
cupancyfactorsof the14atomswithdoublepositions
weresubsequentlyrefinedby the least-squarespro-
cedureandwerefoundtobe0.7for theoriginalsetof
atomicpositionsand0.3 forthenewsetfixedfromthe
differencemap.Furtherefinementof thestructurewith
individualisotropicthermalparameterswascarriedout
includingthe two setsof atomicpositionswith the
appropriateoccupancyfactors.It maybementioned
nowthatthemoleculewithpositionaldisorderwasthe
onewhichcouldnot be identifiedfrom theE map.
Whenthe least-squaresrefinementconverged,theR
valuewas0.126for 1071observedrefiexions.
Similarpositionaldisorderaboutthe-N=N- bond
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connectingtwophenylringshasbeenobservedin the
crystal structuresof p-azotoluene(Brown, 1966b),
p-azobenzene(Brown,1966a)andthehigh-temperature
formof smectogenicethylp-azoxybenzoate(Krigbaum
& Taga,1974).We arecarryingouta detailedstudy
of the disorderaboutthe -N=N- bond in these
structuresandtheresultswill bepublishedelsewhere.
Recently,Hoekstra,Meertens& Vos (1975)have
reporteda similarfeatureabouta -C=C- bond
connectingtwophenylringsin thecrystalstructureof
stilbene.
Resultsanddescription
Thefinalpositionalandthermalparametersaregivenin
Table 2 and the interatomicdistancesand valency
Ring1
Ring2
Ring3
MoleculeA
0 Carbon
anglesin Fig. 1.*As theleast-squaresrefinementdid
notincludethecorrelationbetweenanatomanditsdis-
orderedcounterpart,theatomicparametersaswellas
themoleculardimensionsin thedisorderedregionhave
lowreliability.ThedimensionsinmoleculeA andinthe
orderedregionof moleculeB arenormalwithinthe
limitsofexperimentalerror.
The least-squaresplanesthroughvariousgroupsof
atomsin thestructurehavebeencalculatedwithrespect
to an orthogonalsetof axes.Thearomaticringsand
* A listof structurefactorshasbeendepositedwiththeBritish
Library Lendingdivisionas SupplementaryPublicationNo. SUP
32445(6pp.).CopiesmaybeobtainedthroughTheExecutiveSec-
retary.InternationalUnion of Crystallography,13WhiteFriars,
ChesterCHI INZ, England.
0 Nitrogen
MoleculeB
0 Oxygen
l':g. 1. Bondlengths(A) andbondangles(°) withe.s.d.'sin parentheses.Thedimensionsof thedisorderedregionarelessreliable(see
text).Thenumberingoftheringsis alsoshown.
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theazogroupsin thestructureareplanar.In mclecule
A, theanglebetweentheplanenormalsofrings1and2
(ringnumberingshownin Fig. 1)is 3° andring3 is
inclinedto rings1 and2 by 21 and19°respectively.
The averagesof thecorrespondingvaluesfor thedis-
orderedmoleculeBare 8,-33 and-26° respectively.
Thearrangementof themoleculesinaplaneperpen-
dicularto thea axisis shownin Fig. 2.Thecrystal-
lographicallyindependentmoleculesA andB liealmost
exactlyaboveeachotherwitha separationof about
5A alonga. They are orientedantiparallelto each
other. The slightly overlappingphenyl rings in
moleculesA andB arenotorientedparallelbut are
inclinedwithrespectooneanother,theinclinationbe-
ing58°atoneend,changingto99°nearthemolecular
centreand108°attheotherend.To describethepack-
ingof moleculesin thecrystal,it is convenienttocon-
sideras oneunit thecrystallographicallyindependent
moleculesandtheirsymmetryequivalentsgeneratedby
a centreofinversionattheorigin.Thisunitisindicated
in Fig. 2.Thetwopairsof moleculesin thisquadruple
unitareorientedantiparalleltoeachother.Thequad-
rupleunitis inclinedto thec axisatabout55°.Hence,
theneighbouringunitsrelatedby thec-celltranslation
aresodisplacedthattheendof oneunitfallsnearthe
centreof the neighbouringunit,formingan infinite
columnofquadruplemolecularunitsarrangedinanim-
bricatedfashionalongthec axis.Alongb,adjacentim-
bricatedcolumnsarerelatedby the21screwaxisand
thec glide.Themolecularunitsinadjacentcolumnsare
inclinedtoeachotheratabout70°andformaherring-
Fig. 2. View of thecrystalstructureperpendicularto thea axis.
The dottedlinesrepresentthe-N=N- bond.The basic,quad-
ruplemolecularunit usedfor describingthepackinghasalso
beenindicated.In thedisorderedregiononlythepositionswith
0.7occupancyhavebeenmarked.
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Table2. Finalfractionalpositional(x 103)coordinates
andthermalparameterswithe.s.d.'sinparentheses
C(I)
C(2)
C(3)
C(4)
C(5)
C(6)
N(7)
N(8)
C(9)
C(IO)
C(II)
C(I2)
C(I3)
C(I4)
N(l5)
C(I6)
C(I7)
C(I8)
C(I9)
C(20)
C(2I)
C (22)
0(23)
C(24)
C(25)
C(26)
C(27)
C(28)
C(29)
C(30)
N (3I)
N(32)
C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
N(39)
C(40)
C(4I)
C(42)
C(43)
C(44)
C(45)
C(46)
0(47)
C(48)
C(25I)
C(26I)
C(27I)
C(28I)
C(29I)
C(301)
N(31I)
N(321)
C(331)
C(34I)
C(35I)
C(36I)
C(371)
C(381)
x
916(4)
1028(5)
987(4)
838(4)
731(4)
772(4)
788(3)
885(3)
829(4)
939(4)
907(4)
758(4)
642(4)
679(4)
704(3)
798(4)
749(4)
854(4)
816(4)
670(4)
574(4)
608(4)
647(3)
506(5)
124(5)
139(5)
160(5)
177(5)
171(5)
141(5)
201(5)
214(6)
236(5)
226(5)
240(5)
268(4)
275(4)
257(5)
276(3)
356(4)
359(4)
294(4)
302(4)
384(4)
455(4)
434(4)
389(3)
470(4)
121(5)
137(5)
156(5)
165(5)
156(5)
129(5)
215(10)
217(11)
238(5)
227(5)
244(5)
277(4)
286(4)
263(5)
y
282(I)
258(2)
221(1)
212(1)
236(I)
273(1)
174(1)
152(1)
116(I)
93(I)
60(I)
48(I)
72(1)
107(1)
14(I)
-20 (I)
-52 (I)
-87 (1)
-116 (I)
-110(1)
-74 (1)
-47 (I)
-138 (I)
-131 (2)
-145 (2)
-87 (2)
-50 (2)
- 77(2)
-132 (2)
-170 (2)
-26 (2)
-43 (2)
4 (2)
62(2)
100(2)
80(I)
22(I)
-14 (2)
121(I)
108(I)
148(1)
203(1)
237(I)
221(I)
169(I)
134(I)
261(I)
248(I)
-152(2)
-94 (2)
- 59(2)
-92 (2)
-124 (2)
-182 (2)
-59 (3)
-8 (4)
17(2)
71(2)
I 10(2)
80(I)
21(I)
-13 (2)
-345 (2)
-323 (3)
-245 (2)
-196 (2)
-219(2)
-298 (2)
-117 (2)
-98 (2)
-19 (2)
3 (2)
83(2)
138(2)
117(2)
40(2)
220(2)
234(2)
321(2)
333(2)
418(2)
487(2)
474(2)
389(2)
567(1)
642(3)
603(3)
610(3)
536(2)
452(3)
441(2)
516(3)
385(3)
317(3)
250(3)
272(3)
198(2)
110(2)
90(2)
167(3)
40(2)
-45 (2)
-116 (2)
-99 (2)
-172 (2)
-262 (2)
-284 (2)
-209 (2)
-328 (2)
-425 (2)
586(3)
598(3)
513(2)
436(3)
432(2)
509(3)
344(6)
353(6)
263(3)
264(3)
193(2)
105(2)
95(2)
177(3)
z B (A2)
5.1 (0.9)
6.4 (1.0)
4.2 (0.8)
3.4 (0.7)
5.3 (0.8)
5.4 (0.9)
4.7 (0.6)
4.9(0.7)
4.2(0.8)
4.4 (0.8)
4.7 (0.8)
5.7(0.9)
3.8(0.7)
5.1(0.9)
5.0(0.7)
4.9(0.8)
4.2(0.7)
4.0 (0.8)
5.0(0.9)
4.0 (0.8)
3.9(0.8)
4.9 (0.8)
5.4(0.6)
6.7 (1.0)
5.0(1.0)
6.0(1.1)
4.5 (1.0)
5.7 (1.0)
4.4 (0.9)
5.5(1.0)
6.9(1.1)
9.6 (I.3)
5.6 (1-0)
6.6 (1.1)
5.3 (1.0)
5.3 (0.9)
5.2(0.9)
7.0(1.0)
5.1(0.7)
4.2 (0.8)
3.4(0.7)
5.4 (0.9)
4.2 (0.8)
4. I (0.8)
4.9 (0.8)
4.7 (0.8)
5.9 (0.6)
5.4 (0.9)
6.7(1.0)
5.4(1.1)
6.3 (I.O)
8.3 (1.0)
10.2(0.9)
7.6 (I.O)
4.8 (2.1)
9.4 (2.4)
8.7(1.0)
10.3(1.1)
8.1 (1.0)
6.0 (0.9)
5.9 (0.9)
7.7 (1.0)
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Referencesbone-likepattern.Alonga,themoleculararrangement
consistsof alternate,antiparallelmoleculesofA andB
extendinginfinitely.
In thestructurethereare161intermolecularcontact
distanceslessthan4A, butnoneof themisabnormally
short.MoleculeA is surroundedby 14neighbouring
moleculeswith contactdistancesless than 4 A.
MoleculeB, however,hasonly 10neighboursandthis
differenceinthenumberofnearestneighbourscouldbe
relatedtothedisorderobservedinmoleculeB.
The authorswish to thank ProfessorS. Chan-
drasekharand Dr S. Ramaseshanfor their kind
interest.
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